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1  | INTRODUC TION

Coronavirus disease 2019 (COVID-19) belongs to the Coronaviridae 
family that is enveloped non-segmented positive-sense RNA viruses. 
Coronaviruses are commonly detected in most animals, but some-
times they could transform into new forms that could be able to in-
fect humans. Since the start of the 21st century, two coronaviruses 
have infected humans from animal sources, causing outbreaks of the 
severe acute respiratory syndrome (SARS) in 2002 and the Middle 
East respiratory syndrome (MERS) coronavirus outbreak in 2012.1 
SARS started in 2002 in Asia but the first report about infected 
cases was in 2003. Many pieces of evidence indicated that SARS 
was originated in bats and then transferred to civets which infected 
people. SARS affected about 8098 humans, from these cases 774 
patients died reflecting a death rate of about 9.6%.1 The second at-
tack, MERS, started in 2012 in Saudi Arabia. Bats transferred the 
virus to Camels which have infected people and results in a 2494 
case from which 858 death, reflecting the highest mortality rate, 
about 34.4%.2

COVID-19 started in 2019 in Wuhan, China. The causing virus 
is SARS-CoV-2 which belongs to respiratory viruses. Bats might be 
the source of the virus transmission to humans, while the interme-
diate host that received the virus from bats has not yet been iden-
tified. Confirmed cases are millions of people from which hundreds 
of thousands died.

2  | Epidemiolog y of  COVID -19

2.1 | ROUTE OF TRANSMISSION

The new coronavirus is transmitted from human to human via drop-
lets and fomites during close contact with infected subjects in case 
of coughing and sneezing. Also, aerosol that is produced from aero-
sol-generating devices could lead to infection spread particularly in 
hospitals. Airborne spread of COVID-19 has not proven to be a major 
route of infection transmission based on available references, how-
ever, more preventive strategies should be considered especially in 
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COVID-19.
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without clear results, but a few trials have indicated the role of numerous drugs in 
the treatment of COVID-19. Specific recommendations for aerosol therapy should be 
followed for the management of COVID-19.
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case of indoor prevention. Human-to-human transmission of the 
COVID-19 virus is largely occurring in families because of close con-
tact that provides the media for virus transmission.3

Another suspected route of infection transmission is the fae-
cal-oral route, depending on findings from a clinical study which indi-
cates the probability of a faecal-oral route for COVID-19 spread and 
that was proven by the reverse polymerase chain reaction (Real-time 
RT-PCR) results of stool samples for eight patients that were posi-
tive to COVID-19 even after nasopharyngeal testing was negative.4 
Besides another study carried by Xiao et al indicated that the genome 
of the virus was also detected in the oesophagus, stomach, and in-
testine, suggesting the gastrointestinal route of viral transmission.5

Regarding pregnant confirmed COVID-19 cases, till now, there 
was no evidence that the virus could affect the foetus through the 
intracranial route.6

2.2 | Incubation period

The time between infection and presentation of symptoms varies 
from one patient to another. The incubation period of SARS-CoV-2 
is between 2 and 14 days according to recent CDC reports and 
about 2-10 days according to the world health organization (WHO). 
Recently published studies found that the incubation period could 
be longer than that stated by the WHO and it could be extended for 
about 24 days.7

2.3 | Conditions related to COVID-19 mortality

According to WHO, the elderly are highly affected by the infection 
(Age > 60) with the highest mortality rate (for those >80 years it 
ranged from 10% to 27%)8,9 and those with underlying disorders 
such as hypertension, cardiovascular disease, diabetes, chronic res-
piratory disease and tumour.10 From 72 134 cases, about 87% were 
between 30 and 79 years old, representing the majority of affected 
patients.11 Disease in children less than 19 years appears to be rela-
tively less common and mild with low percent of the total COVID-
19 reported cases.12 Moreover, obesity association with COVID-19 
severity was investigated in several clinical trials and meta-analysis 
studies. Those studies reported that obese people have the poten-
tial to develop threefold higher risk of severe COVID-19 illness com-
pared with those with normal body mass index.13,14

2.4 | Signs and symptoms

Most of the patients have a mild presentation to COVID-19 with the 
tendency to start mainly with fever followed by a dry cough that 
recovers without medical interventions, bedside the flu-such as 
symptoms, headache, malaise, and muscle pain might develop early 
in symptomatic subjects. Mild cases were mainly related to younger 
patients.15 But in some cases, these symptoms might develop to 

shortness of the breath which mainly starts within 7 days after the 
appearance of symptoms10 and pneumonia which require the hospi-
talisation of the infected case, this complication mainly related to the 
elderly and those with comorbidities. A few percent of the severe 
COVID-19 cases might develop respiratory failure, multi-organ fail-
ure, or septic shock.10 Other symptoms such as sore throat, runny 
nose, or sneezing are not common symptoms of COVID-19. Besides 
respiratory manifestation, a few cases had gastrointestinal symp-
toms such as diarrhoea and vomiting.12,16 Based on a report analy-
sis of 72 314 Chinese cases, COVID-19 mild cases were about 81%, 
while severe cases and critically ill patients were about 14% and 5%, 
respectively.11 Amongst the strong predictors of COVID-19 are loss 
of smell and taste, particularly when presented in combination with 
other symptoms such as persistent cough, diarrhoea, anosmia, fever, 
abdominal pain, loss of appetite fatigue, and fatigue.17

New concerns have emerged about the incidence of cutaneous 
skin diseases related to COVID-19, especially in children who were re-
ported to develop Kawasaki-like syndrome.18 However, there is a lack 
of evidence whether the virus itself can cause these manifestations 
because of the rarity of the reported cases besides the difficulty in 
the recognition of unfamiliar symptoms in health care settings that are 
fragmented and rapidly constructed to deal with the outbreak.18-20

According to Wang et al study,21 in mild cases, symptoms may 
last for 2 weeks, while in severe cases it takes more time (3-6 weeks).

Most studies indicated that fever is the most predominant symp-
tom in COVID-19, while the second most common symptoms were 
dry cough or fatigue.15,21,22

According to symptoms, laboratory data, oxygen saturation the 
COVID-19 case could be considered as mild, moderate pneumonia, 
severe pneumonia, and acute respiratory distress syndrome (ARDS).

COVID-19 cases suffer from symptoms and manifestations 
after the eradication of the virus that is called post-COVID-19 
syndrome. This syndrome could be defined as the persistence 
of symptoms for 3 weeks after the start of COVID-19 symptoms 
(acute) and for more than 12 weeks for chronic post-COVID-19 
syndrome.23 Fatigue is the most common reported manifestation 
as a post-COVID-19 syndrome, while more critical manifestations 
such as deep venous thrombosis, stroke, myocarditis, pulmonary 
fibrosis, and renal failure were reported by a few percent of the 
subjects.24

What’s known

• COVID-19 is a viral disease that affects mainly the res-
piratory system. There are many treatment options that 
had been evaluated by the health care professionals.

What’s new

• Treatment recommendation for COVID-19 on the sight 
of the published clinical trials, In addition to aerosol 
therapy recommendations.
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3  | DIAGNOSIS

Contact or exposure to confirmed COVID-19 cases in the last 2 weeks 
is the first step in the clinical diagnosis of the infection, but also many 
patients had caught COVID-19 infection without known history of ex-
posure to confirmed cases.25 The national health commission of China 
made the guidelines for the diagnosis of COVID-19 infections and clas-
sified the subjects into two classes, suspected and confirmed cases.26 
These criteria for diagnosis were based on the WHO recommendation 
in the first two attacks of the coronavirus family, SARS, and MERS.27,28

Suspected clustering COVID-19 cases are described when one 
case is confirmed and simultaneously in the same small area, there 
are some cases suffering from fever or symptoms of respiratory in-
fection within 14 days. Clustering cases result from human-to-hu-
man transmission of the virus in case of exposure or close contact to 
the infected subject.29

3.1 | Imaging examinations

Many factors could influence the finding of the imaging techniques in 
COVID-19 such as the severity of the disease, age of the patient, and 
underlining disorders of the lung.30 Computed tomography (CT) imaging 
is the primary tool for the diagnosis of COVID-19 with high sensitivity.31

The lesion obtained from the CT scan could be single, double, or 
more lesions that distribute dominantly, mainly subpleural. The shape of 
the lesion is variable, and it could be lumpy, nodular, or patchy also other 
shapes could be found. The density of the lesion as described by Jin 
et al is showed to be ground-glass shadow and paving stones, indicating 
a partial filling of air spaces in the lungs by exudate or transudate, in ad-
dition to interstitial thickening, thickened walls of the bronchi, and con-
solidation.30,32 Chest X-ray examination is less sensitive compared with 
the CT scan and could not detect changes in the lung at early stages.

3.2 | Blood tests

The total number of leukocytes may remain normal or decrease in 
the early stage of the disease. In addition, lymphocytes can also 
show reduction, while monocytes levels may increase or remain 
within the normal range.30

In addition to the evaluation of the previous blood tests other lab-
oratory data should be obtained to facilitate the clinical evaluation of 
the disease such as levels of ferritin, lactate dehydrogenase, liver en-
zymes, interleukin-6, and D-dimer which are elevated in most cases.33 
besides these laboratory tests, arterial blood gases, and oxygen satu-
ration levels are essential to evaluate the level of oxygenation.

3.3 | Reverse polymerase chain reaction (Real-time 
RT-PCR)

RT-PCR detects the new coronavirus nucleic acid, and it has a con-
firmatory differentiation also it could be used for the detection of the 

nucleic acid of different respiratory tract infections such as influenza 
A and B and chlamydia. This method is strongly recommended for the 
detection of SARS-CoV-2 RNA using respiratory samples.34 Collection 
of specimens could be from the upper respiratory tract (naso- and 
oropharyngeal) or the lower respiratory tract (expectorated sputum, 
bronchoalveolar lavage, or endotracheal aspirate) according to WHO 
recommendations. In addition, RT-PCR should be used to follow-up the 
viral load of the confirmed case for the evaluation of the case response.

The sensitivity of RT-PCR reported by different studies is about 
78% compared with 75 for Ct scan.35

3.4 | Rapid tests (serological tests)

However, the diagnostics of COVID-19 subjects by RT-PCR is both 
efficient and specific, but also crucially in need of rapid tests (sero-
logical tools) for investigating antibody responses for rapid and easy 
diagnosis besides assessing potential herd immunity.36 Most studies 
indicated that sensitivity of rapid tests is higher (69.9%: 98.9%) at 
least 3 weeks from the onset of COVID-19 symptoms, while at the 
start of the disease the sensitivity of serological tests is low (13.4%: 
50.3%).37 According to a recent review that analysed findings from 40 
studies, the sensitivity and specificity of these tests are low especially 
at the start of the disease and the current evidence does not support 
the continued use of existing point-of-care serological tests.37

4  | PRE VENTION

Preventive measures should be performed by both the patient and 
the people in contact with them.20,38

Preventive measures should be performed by suspected or con-
firmed COVID-19 cases to minimise the spread of the infection to 
the surrounding community. Subjects that should follow the preven-
tive measurements are those with suspected, under investigation, 
or confirmed COVID-19 with a mild case that does not need hospi-
talisation or those that are medically stable after hospitalisation and 
have been discharged.

Subjects with confirmed or suspected COVID-19 should avoid 
direct contact with others to prevent the disease spread, also it is 
recommended to wear a mask in case of contact with other people. 
For suspected cases, they should call the medical emergency num-
ber specified by each country.

The previous attack of SARS provided the medical researchers and 
healthcare professionals with important findings of aerosol produc-
ing procedures and devices, also their role in viral diseases spread.39 
Previous studies showed a higher rate of viral infections amongst the 
medical staffs that performed noninvasive ventilation (NIV), endotra-
cheal intubation, and other aerosol-generating procedures.39

Aerosol therapy using nebulisers during mechanical ventilation 
also can be a source for spreading COVID-19 infection amongst 
healthcare providers, hence, it is recommended not to use aerosol 
producing tools such as pressurised metred dose inhaler (pMDI) or 
nebulisers if possible or using nebulisers with the extra protective 
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measures.40-42 The ability of nebuliser to carry the viral infection to 
the medical team or other close contacts to the subject is based on 
the emitted aerosol particles from the nebuliser that produce par-
ticle size ranging from 1 to 5 µm, these respirable fine particles can 
carry the virus and come back from the lung through the exhaled 
air.43

4.1 | Safety of intensive care providers (personal 
protective equipment)

All healthcare providers in close contact with COVID-19 subjects are 
at increased risk of contracting the viral infection.44,45 Therefore, all 
healthcare workers in the intensive care unit (ICU) should follow 
preventive measures through using a medical protective mask (pref-
erable to be an N95 mask), gloves, disposable surgical cap, gown, 
and full-face respirator protective device.46 The findings of two ran-
domised clinical trials designed to compare the protective effect of 
the N95 mask with that of the surgical mask against the spread of 
influenza to the healthcare providers indicated that there is a non-
significant difference between them, but also it is still considered 
that the use of the surgical mask for ICU medical staff dealing with 
COVID-19 subjects is not recommended.47,48 In addition, using sani-
tisers that contain alcohol can be beneficial, however, it is not su-
perior to washing hands with soap and running water.49 Healthcare 
providers should wear double gloves in case of handling subjects’ 
related biological samples.50

There are several types of gowns such as surgical, non-surgical, 
and overall gown. In case of healthcare provider who deals with 
COVID-19 subjects, it is recommended to wear the coverall gown 
for the optimum benefits.50

5  | TRE ATMENT

5.1 | Drug therapy

5.1.1 | Antiviral

There is a weak recommendation for using lopinavir/ritonavir alone 
or in combination based on its use during the previous two attacks 
of SARS and MERS.51-53

The essential key to gain benefits from using antiviral therapy is 
the early start of treatment because delayed treatment has no sig-
nificant effect in reducing mortality.30

A clinical trial carried on 199 patients with confirmed COVID-
19 indicated a lake of difference in results between the two study 
groups, one group received lopinavir 400mg/ritonavir 100mg for 
14 days and the second group received the stander therapy. This 
finding suggests that no significant benefits have been gained from 
using lopinavir/ritonavir.54

Remdesivir plus chloroquine in-vitro study indicated an inhibi-
tory effect on COVID-19.55 However, a recent study indicated a 

beneficial role of Remdesivir reflected by the clinical improvement 
of about 68% of hospitalised COVID-19 subjects that received the 
drug, but also a large randomised clinical trials are needed to prove 
the beneficial effect.56

Favipiravir is a prodrug approved in Japan for the treatment 
of influenza which has broad-spectrum antiviral activity, is now 
used in Japan for the treatment of COVID-19. An open-label con-
trolled study compared Favipiravir plus inhaled interferon with the 
control group indicated a significant impact of Favipiravir on virus 
clearance and disease progression.57 The dose of Favipiravir on 
the first day of treatment was 1600 mg twice daily followed by 
a maintenance dose of 600 mg twice daily for 14 days.57 While 
comparing Favipiravir with arbidol resulted in a non-significant 
difference regarding the clinical recovery rate in day 7 as showed 
by a randomised clinical trial.58 The adverse effects of Favipiravir 
were mild and easily managed.58 The National Medical Products 
Administration of China approved Favilavir for the treatment of 
COVID-19 but still under investigation and there are no confirmed 
findings.59

5.1.2 | Antibiotics

In the case of secondary bacterial infection, the patient should re-
ceive the appropriate antibiotic regimen. Critically ill COVID-19 pa-
tients with suspected or confirmed diagnosis should receive empiric 
antimicrobial therapy.34 The antibiotic should cover the community 
or hospital-acquired pneumonia, such as azithromycin, amoxicillin, 
fluoroquinolones,30 and recently doxycycline.60,61

Vancomycin could be considered in case of a risk factor to MRSA.

5.1.3 | Chloroquine	and	hydroxychloroquine

An in-vitro study carried on chloroquine as antiviral for treating 
COVID-19 indicated a beneficial antiviral effect of the drug before 
or after cell infection by the virus.55 Not only the in-vitro results 
were positive, but also, several in vivo studies. A study carried out by 
Gao et al showed that chloroquine significantly had a role in reduc-
ing hospital stay and improving the evolution of COVID-19 pneu-
monia.62 This could lead to a recommendation of a 500 mg dose of 
chloroquine twice daily for all cases of COVID-19.63

A study carried out by Gautret et al indicated the beneficial 
role of hydroxyquinoline 600 mg daily in decreasing the virus load 
in COVID-19 patients.64 These results are promising especially hy-
droxychloroquine has a better long-term safety profile and fewer 
interactions compared with chloroquine.65,66

5.1.4 | Immunosuppressant	and	corticosteroids

Laboratory testing and HScore67 for screening and subgrouping 
of hyper-inflammation should be performed with all COVID-19 
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severe cases. For patients whom immunosuppressants could be 
of benefit, they could receive tocilizumab, corticosteroids, or im-
munoglobulin. A study carried by Xu et al including 20 cases with 
severe COVID-19 indicated the efficacy of tocilizumab on the 
management of hyper-inflammation of severe cases and resulted 
in the improvement of symptoms in addition to decreasing case 
deterioration.68

Using corticosteroids during coronavirus infection is contro-
versial depending on results from previous studies carried on the 
two previous attacks (SARS and MERS). Studies on SARS indicated 
some survival benefits of using corticosteroid and potential harms 
such as delayed clearance of the viral infection, vascular necrosis, 
and psychosis.69 Regarding corticosteroid administration during the 
MERS attack, a study carried by Arabi et al indicated no benefit from 
using it in decreasing mortality, in addition to reducing the rate of 
viral clearance from the lung.70 Based on these findings the rou-
tine use of corticosteroid is not preferred and it should be reserved 
for selected patients (COPD and asthma exacerbation, and septic 
shock).71 Methylprednisolone (40-80 mg) could be used in case of 
severe illness rapid progressive disease to improve the symptoms of 
the patient and reduce the rate of progression, but it does not affect 
the length of hospital stay.30,72,73

Recent randomised clinical trial (RECOVERY trial) tested the 
effect of corticosteroid administration on the mortality rate of 
COVID-19 subjects, administration of 6 mg/day for 10 days of dexa-
methasone resulted in decreased death by about one-third com-
pared with control group.74

5.1.5 | Anticoagulant

COVID-19 subjects are at increased risk of thrombotic events 
such as venous thromboembolism, hence, the use of anticoagulant 
therapy is essential to reduce this risk and decrease mortality.75,76 
Case reports provided evidence of these thrombotic events such as 
pulmonary embolism and deep venous thrombosis.77 Beside case 
reports, a study carried by Cui et al, indicated that about 25% of 
severe COVID-19 subjects have a thrombotic event and elevated 
levels of D-dimer who were not receiving anticoagulant therapy.78 
According to these findings, the International Society on Thrombosis 
and Haemostasis (ISTH) recommended that all COVID-19 subjects 
who require hospital admission should receive a prophylactic dose of 
low molecular weight heparin (LMWH), unless they have contraindi-
cations to anticoagulant therapy such as active bleeding and platelet 
count <25 × 109/L.79 In case the anticoagulants are contraindicated, 

mechanical thromboprophylaxis could be used such as pneumatic 
compression devices. Receiving anticoagulant therapy appeared to 
be effective for reducing mortality amongst COVID-19 subjects.75,80

5.1.6 | Lactoferrin

Lactoferrin is an iron-binding glycoprotein that belongs to the trans-
ferrin family. Lactoferrin expressed antiviral activity against several 
viral infections such as rotavirus, poliovirus, hepatitis B, hepatitis C, 
and influenza A virus.81,82 Serrano et al, conducted a study to dem-
onstrate the preventive and curative effect of lactoferrin on COVID-
19 subjects and members in contact with them.83 The findings of the 
study showed that the administration of liposomal lactoferrin (32 
mg/10 mL) dosed every 4-6 hours for 20 days has a curative effect 
for all included subjects in the study. Also, other members in direct 
contact with the patient received half of the dose and it reflected a 
preventive effect. Addition of lactoferrin to the treatment regimen 
is preferred because of its proven beneficial effect.

5.2 | Oxygen therapy

For subjects with hypoxia, respiratory distress, severe respiratory in-
fection there is a strong recommendation for oxygen therapy.30 No 
need for oxygen for patients with pneumonia without signs of severe 
manifestations.71 The patient should receive oxygen with titratable 
rate until the target oxygen saturation (SpO2) is achieved. The target 
SpO2 differs according to the clinical conditions as shown in Table 1.

If oxygen therapy through a nasal cannula or facial mask is not 
effective or the subject has hypoxic respiratory failure, mechanical 
ventilation should be considered.30 Invasive mechanical ventilation 
(IMV) is recommended for moderate to severe cases of ARDS, while 
mild cases could be supported by non-invasive ventilation (NIV).84,85 
Low tidal volume ventilation is related to low mortality in ARDS.86 In 
addition to NIV continuous positive airway pressure (CPAP) could be 
beneficial for the management of COVID-19 associated respiratory 
failure.

When it is difficult to maintain SpO2 more than 92% and/or not 
improved dyspnea through standard oxygen therapy, application of 
high flow nasal oxygen (HFNO) is recommended. HFNO could be ini-
tiated at 30-40 L/min and FiO2 50%-60% and it should be adjusted 
according to the clinical response of the subject.33 After 1 hour with 
flow more than 50 L/min and FiO2 more than 70%, if the patient 
symptoms are not improved switch to NIV.33

Condition Target level

Adult and non-pregnant patient SpO2	≥	90%

Pregnant patient SpO2	≥	92%-95%

Children SpO2	≥	90%

Children or adults with dyspnea, severe respiratory distress, apnoea, 
coma, shock, and central cyanosis

SpO2	≥	94%

TA B L E  1   Target level of oxygen 
saturation for different COVID-19 
patients30
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5.3 | Aerosol therapy during mechanical ventilation

Aerosol therapy for respiratory disorders is important for providing 
targeted drug delivery with less systemic absorption. Bronchodilators, 
corticosteroids, and antibiotics are the most common agents to be de-
livered through aerosol. Aerosol producing devices that could be used 
during mechanical ventilation are nebulisers and pressurised metred-
dose inhaler (pMDI) but should be used with caution to avoid the in-
fection of the surrounding personals by fugitive aerosol.87

Several factors that could control the aerosol delivery during me-
chanical ventilation are summarised in Table 2 with recommended 
settings.42,88,89

5.4 | Symptomatic treatment

5.4.1 | Fever

Temperature up to 38°C is acceptable without using antipyret-
ics, starting from 38.5°C antipyretic drug that could be used.30 
Antipyretic drugs such as paracetamol or non-steroidal anti-inflam-
matory drugs could be used.

Regarding anti-inflammatory such as ibuprofen, there is a warning 
against its use because it is thought to aggravate and worsen COVID-
19, whoever there is no strong evidence for ensuring this warning and 
a big clinical trial should be carried to confirm the findings.90

5.5 | Nutrition

Malnutrition of the patient is a predictor of the prognostic direc-
tion for those with respiratory failure and mechanically ventilated 

subjects. Malnutrition could be caused by different deficiencies, 
one of them is a low level of albumin, which is related to case 
prognosis.91

Synthesis of proteins and division of immune cells need a high 
amount of amino acids. Hence, protein-energy malnutrition (PEM) is 
believed to be the main cause of immunodeficiency worldwide.92-94 
Recent studies recommended the measuring and balancing of the 
nutritional status of COVID-19 subjects at the time of admission 
for enhancing the immune system and supporting the therapeutic 
agents.30,95 Patients that are malnourished at admission should re-
ceive nutritional supplementation as early as possible, particularly in-
creasing the oral intake of amino acids.30 A sufficient protein intake 
of about 1.5 g/d should be maintained for all subjects with confirmed 
COVID-19 even they are presented with signs of malnutrition.30 Anti-
inflammatory and antioxidant properties of some vitamins and ele-
ments could be the explanation of their involvement in the nutritional 
plan in case of COVID-19.95 In addition to proteins several vitamins 
and trace elements could enhance the immune response of the in-
fected patient to fight against the viral infection. Vitamins that had a 
beneficial effect during viral infections are vitamin A, C, D, and E, also 
zinc and selenium have a good impact on enhancing the immunity of 
the subject.96-102

6  | CONCLUSION

Supportive care including oxygen therapy and mechanical ventila-
tion is the backbone for the management of COVID-19. Chloroquine 
and hydroxychloroquine have a controversial effect on treating this 
viral infection. there is no antiviral therapy that has been proved to 
effectively cure SARS-CoV-2 infection. Tocilizumab results are prom-
ising. Finally, the essential key to fight this attack is the prevention 

TA B L E  2   Factors affecting aerosol delivery during mechanical ventilation and recommended settings42,88,89

Factor Recommendations

Nebulizer type It is preferred to use VMN instead of traditional jet nebulizer (JN) as the VMN drug chamber is completely 
separated from the exhaled air pathway.

If available use VMN for aerosol delivery during mechanical ventilation.

Nebulizer position Placing the VMN prior to the humidifier could improve the efficiency of the aerosol therapy and further reduce 
retrograde contamination from the infected subject.

JN (if used) should be placed close to the ventilator.

Position of pMDI attached to 
spacer

pMDI + spacer should be placed at least 15 cm away from the endotracheal tube.

Nebulizer fill volume Add at least 2 ml of the vehicle to the drug for JN.

Adding saline to the nebulized drug solution would increase the delivered fraction of the inhalable drug.

Increasing the fill volume of VMN is not important.

Residual dead volume The dead volume that remains in the nebulizer chamber affects the amounts of aerosol that could be delivered 
to the patient. Also, this amount of drug could be contaminated with microorganisms in case of jet nebulizers.

In case of using JN, it should be disinfected and discarded carefully after end of nebulization.

VMNs are recommended if available.

Filters It is recommended to Attach a HEPA filter to the expiratory limb of the ventilator to reduce the exposure to the 
fugitive aerosol and avoid the transmission of contaminated droplets through the ventilator circuit.
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strategies against virus spread. Vitamins and trace elements could 
enhance the immune response of the infected subject to fight 
against the infection. vibrating mesh nebuliser is the recommended 
type for aerosol delivery during mechanical ventilation. Lactoferrin 
is a promising effective agent for the treatment and prevention of 
COVID-19.
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